Abstract: Existing MIMO radar waveform design is mostly studied for narrowband signal according to the need of radar tasks like tracking and detection, and the need of imaging task is not considered. A kind of method about MIMO radar waveform design for multi-target ISAR imaging is proposed in the paper. The prior information like target location, RCS, velocity as well as bandwidth limitation of imaging task is considered in waveform optimization as important constraints, there are a waveform optimization model for multi-target imaging is established and is solved by least squares estimation and the nearest neighbor algorithm. The designed waveform can achieve the imaging of the targets in different directions at the same time.
Introduction
MIMO (Multiple Input Multiple Output) radar is a new radar system proposed in recent years, which contains multiple antennas at the transmitter and receiver [1] . According to the distance between the antennas, MIMO radar can be divided into two types, distributed MIMO radar and centralized MIMO radar. The antennas distance of centralized MIMO radar is smaller and the targets echoes received by centralized MIMO are coherent [2] . Therefore, centralized MIMO radar can get good waveform diversity gain by transmitting different signals and can design the transmitting waveforms flexibly according to the practical application [3] [4] .
Recently, MIMO radar waveform optimization design has become a hot research area and lots of research results have been obtained [5] [6] [7] . In [5] , an algorithm about using covariance matrix of transmitting waveform to obtain the desired beam pattern has been proposed; In [6] , a method about using DFT and toeplitz matrix to design the covariance matrix of transmitting waveform has been put forward; In [7] , a method about using matrix weighting to design the transmit beampattern has been raised. However, these algorithms are studied for narrowband signal according to the need of radar tasks like tracking and detection, and the need of imaging task is not considered. Target imaging can provide important target features for target identification, so it plays an important role among the radar tasks. What's more, during the imaging, the wideband transmitting signal that matches the target features is needed.
Therefore, a method about MIMO radar waveform optimization design for multi-target ISAR imaging is proposed in the paper. Firstly, the prior information obtained by tracking and searching like target location [8] [9] [10] , RCS [11] [12] , velocity [13] as well as bandwidth limitation of imaging task is considered as important constraints to establish the waveform optimization model. Secondly, the waveform optimization model is solved by least squares estimation and the nearest neighbor algorithm referring to the [14] . Next, the equations about ISAR imaging by using the designed waveform are derived. Finally, simulations show that the designed waveform can achieve the imaging of the targets in different directions at the same time.
MIMO Radar Signal Model
Suppose the MIMO radar emitter array is consisted of M linearly spaced isotropic array elements and the inter-element spacing is d , as shown in Fig.1 
And the spectrum expression is
where N denotes the number of frequency points, suppose that N L = . Therefore, the spectrum of discrete baseband signal transmitted by the array can be denoted as
. According to the analysis above, at the angel θ the power spectrum of the signal at the frequency c f nB N + can be denoted as
(5) denotes the steering vector at the frequency c f nB N + , c denotes the light speed. Therefore, the beampattern at the angel θ can be denoted as
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Establishment of Waveform Optimization Model
From the analysis above we can know that at the angel k θ the power spectrum of the signal at the n th frequency point can be denoted as
θ denotes the k th discrete azimuth. According to the approximation of the designed waveform and desired waveform, the optimization model can be established as follows Firstly, beams should be formed in target directions, according to the obtained targets azimuth information. And the power of beams in different target directions can be calculated as follows:
According to the target location, RCS, velocity [8] [9] [10] [11] [12] [13] and radar range equation [15] 2 2 3 4 0
to ensure the echoes from H target directions all can be detected, we assume that the SNRs of echoes received from H target directions all exceed the detection threshold. Therefore, if the transmit power of radar is a fixed value t P , the desired transmit power in the h th target direction can be denoted as
σ denotes the RCS of the target in the h th target direction, h R denotes the distance between the radar and the target in the h th target direction.
Secondly, we should design the bandwidth of transmit signal synthesized in each target direction.
In general, we consider that the target velocity, motion direction and distance from the target to the radar reflect the target threat degree. We define the target threat degree as follows
where h υ denotes the velocity of the target in the h th target direction, h ϖ denotes the motion direction of the target in the h th target direction.
The target with higher threat degree and smaller size needs higher range resolution r ρ . We can set a fixed low range resolution
for the targets in different directions at first. Thus we can get the approximate size of targets in range direction. The experience shows that if the range resolution r ρ is less than or equal to the one-fiftieth of target size in range direction, good imaging results will be obtained. Therefore, the range resolution of the target in the h th target direction can be denoted as In the h th target direction, make the desired transmit power th P evenly distribute at h N frequency points, thus we can get the desired transmit power spectrum in the h th target direction, that is hn p .
Solution to the Waveform Optimization Model
Referring to the solution algorithm in [14] , we divide the solving process into two stages. (19) This problem can be solved by the iterative algorithm and the nearest neighbor algorithm and we can get the transmit matrix X in the end.
ISAR Imaging Based on Designed Waveform
From (2), the transmit signal of MIMO radar can be denoted as 1 1 ( 1) 
in which, . And the information obtained by like tracking and detection is shown in Table 1 . . From the Fig.2(b Table 1 , we can get the desired transmit power in the two target directions are 2952W and 5048W .
The 3D plot of designed waveform is shown in Fig.3 . The beams are formed in target directions and distribute in orthogonal frequency band. The scattering models of planes in target directions are shown in Fig.4 . And Fig.5 shows the imaging results by designed waveform, Fig.6 shows the imaging results by LFM signal. In general, we use the PSNR (Peak Signal to Noise Ratio) [16] to measure the image similarity. The more similar, the value of PSNR is larger. Through the calculation, we can get the PSNR of Fig.5(a) and Fig.6(a) is 35.31, the PSNR of Fig.5(b) and Fig.6(b) is 34.72. So the imaging result of designed waveform is similar to the imaging result of LFM signal, which is usually used in radar imaging. Therefore, the availability of the algorithm proposed in the paper is proved. 
Conclusion
A kind of method about MIMO radar waveform design for multi-target ISAR imaging is proposed in the paper. The prior information obtained by detection and tracking, like target location, RCS, velocity as well as bandwidth limitation of imaging task is considered in waveform optimization as important constraints. And a waveform optimization model for multi-target imaging is established and is solved by least squares estimation and the nearest neighbor algorithm. The beams are formed in target directions and are match the target features. The simulation shows that the designed waveform can achieve the imaging of the targets in different directions at the same time and possess the good imaging result. 
